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The invention relates to a semiconductor device comprising a semiconductor 
body having a first region of a first conductivity type and, adjacent thereto, a second region 
of the second, opposite, conductivity type, a third region of the first conductivity type, which 
is adjacent the second region and separated from the first region by the second region, and a 
5 fourth region of the first conductivity type which is separated from the second region by the 
third region and which has a higher doping concentration than the third region, the first, the 
second and the fourth region each being provided with a terminal. Said fourth region may be 
considered to be a contact zone of the third region of the same conductivity type. 
Consequently, the succession of various regions described herein forms a horizontal or a 

1 0 vertical npn or pnp structure which can suitably be used, for example, as a transistor (bipolar 
or MOS) or as a diode. 

It has been found that, in practice, such elements often are vulnerable to 
damage when, during operation, a high voltage is applied in the reverse direction across the 
pn-junction between the second region and the fourth region while, at the same time, there is 

1 5 a large current flow. This damage may be caused by a local current concentration as a result 
of a breakdown, leading to a local increase in temperature and causing the field to increase at 
the junction from region 3 to region 4, which may lead to a further current increase. It is well 
known that an increase of the breakdown voltage, for example, in the third region can be 
achieved by providing electrically floating rings or zones of the opposite conductivity type at 

20 the edges of the second region, leading to a reduction of the electric field. As the conductivity 
type of these zones is contrary to that of the third region, the provision of these zones requires 
an additional process step. Besides, these rings take up comparatively much space, leading to 
an increase in the size of the circuit element, which may be inconvenient particularly in 
integrated circuits. It is also possible that this measure results in an increase of the series 

25 resistance of the element. A further drawback of this measure resides in that an increase of 
the electric field strength and current concentration at the junction between the third and the 
fourth region is suppressed hardly, or not at all. 

^ - The invention, inter alia, aims at providing an effective way of precluding 

damage caused by current concentration and field increase without additional process steps. 
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To achieve this, a semiconductor device of the type mentioned in the opening paragraph is 
characterized in accordance with the invention in that the third region is provided with a 
protection zone of the first conductivity type having a higher doping concentration than the 
third region, which protection zone is separated from the second region by the third region 
5 and is situated near the fourth region, and separated from said fourth region by an 

intermediate, comparatively high-impedance region of the third region. The invention is 
based, inter alia, on the recognition that a cutoff voltage across the pn-junction at a high 
current density may lead to the Kirk effect, causing the maximum of the electric field 
strength to be displaced from the pn-junction to the contact zone as a result of the current. 

10 The current responsible for the Kirk effect may originate from the first region due to parasitic 
npn or pnp action. For example, the curvature of the contact zone or local irregularities in the 
diffusion front of the contact zone may cause local peaks in the field strength which are 
responsible for said current concentration upon breakdown and the associated damage. By 
the provision near the contact zone, but separated therefrom by high-impedance material of 

1 5 the third region, of a heavily doped zone of the same conductivity type, for example in the 
form of a ring around the contact zone, it is achieved that the above-described Kirk effect 
initially occurs along the edge of the protection zone. As a high-impedance region which 
forms a resistance in the current path is situated between the protection zone and the contact 
zone, current concentration upon breakdown will be precluded or at least substantially 

20 suppressed. As will be described hereinafter, the protection zone and the contact zone can 
generally be formed simultaneously, so that additional process steps are not necessary. In 
addition, the protection zone hardly takes up additional space, so that there is no, or hardly 
any, increase in the size of the device. 

An embodiment of a semiconductor device in accordance with the invention is 

25 characterized in that the third region is formed by a surface region of the first conductivity 

type adjoining a surface of the semiconductor body, the fourth region and the protection zone 
being provided as adjacent surface zones of the first conductivity type. Although the 
invention can also be applied in lateral configurations, particular advantages are obtained 
when it is applied in vertical configurations. A semiconductor device in accordance with the 

30 invention having a vertical structure is characterized in that the third region is bounded, at the 
side opposite the surface, by the second region of the second conductivity type, and the first 
region of the first conductivity type is formed by a region which, viewed from the surface, is 
situated below the second region. An embodiment which is particularly suited for use in 
integrated circuits is characterized in that the third region is formed by an island-shaped part 
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of an epitaxial layer which is provided on a substrate of the second conductivity type, said 
first region and said second region being formed by, respectively, a buried layer of the first 
conductivity type and a buried layer of the second conductivity type, said buried layers being 
arranged one above the other between the epitaxial layer and the substrate, the second buried 
layer of the second conductivity type isolating the epitaxial layer and the first buried layer of 
the first conductivity type from each other, and said second buried layer being isolated from 
the substrate of the second conductivity type by the first buried layer. A further embodiment 
is characterized in that the island-shaped part of the first conductivity type and the buried 
layer of the second conductivity type form a diode which serves as a circuit element in an 
integrated circuit. The diode can be advantageously used, for example, to protect the circuit 
against damage caused by electrostatic discharge (ESD). 



These and other aspects of the invention will be apparent from and elucidated 
with reference to the embodiments described hereinafter. 



In the drawings: 

Fig. 1 is a sectional view of a semiconductor device which is known per se; 
Fig. 2 is a sectional view of a semiconductor device in accordance with the 

invention; 

Fig. 3 graphically shows the effect of the distance between the protection zone 
and the contact zone, in the embodiment shown in Fig. 2 on the ESD strength; 

Fig. 4 is a sectional view of a further embodiment of a semiconductor device 
in accordance with the invention. 

It is to be noted that the drawings are only diagrammatic and not to scale. 
Hereinbelow, the invention will be described by means of a diode which can suitably be 
used, for example, as a protection diode against ESD in an integrated circuit. To illustrate the 
invention, Fig. 1 shows a known diode and Fig. 2 shows an embodiment of such a diode in 
accordance with the invention. The device comprises a semiconductor body provided with: a 
first region 1 of a first conductivity type, in this example the n-type, a second region of the 
second, opposite conductivity type, i.e. in this example the p-type, which adjoins the first 
region 1, a third region 3 of the n-type adjoining the second region 2 and separated from the 
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first region 1 by the second region, and a fourth region 4 of the n-type adjoining the third 
region 3, which fourth region forms a contact zone and has a higher doping concentration 
than the third region 3. The region 3 is formed by an island-shaped part of an n-type epitaxial 
layer 5 of silicon, which is provided on a p-type silicon substrate 6. Within the epitaxial 
5 layer, the island 3 is electrically insulated by a deep p-type zone 7 which extends right across 
the thickness of the layer 5. The first region 1 and the second region 2 are formed, 
respectively, by an n-type buried layer and a p-type buried layer, which are provided at the 
interface between the epitaxial layer 5 and the substrate 6. The n-type buried layer 1 forms an 
electrical isolation between the p-type buried layer 2 and the p-type substrate 6, while the p- 

10 type buried layer 2 forms an isolation between, on the one hand, the n-type buried layer 1 

and, on the other hand, the n-type island 3 and the n-type contact zone 4. The buried zones 1 
and 2 are provided with, respectively, a deep n-type contact zone 8 and a deep p-type contact 
zone 9. The zones 8 and 9 are provided with a common terminal 10 which forms the anode of 
the diode. The zone 4 is connected to a metal contact 1 1 which forms the cathode. 

15 In an actual embodiment, the thickness of the epitaxial layer 5 was 

approximately 9 ^m, and the doping concentration was 3.5xl0 15 atoms per cm 3 . The depth of 
the n-type contact zone 4 was approximately 1.0 |j.m. The upward diffusion of the buried p- 
type zone was approximately 5 |um, measured from the interface between the substrate and 
the epitaxial layer, so that the distance between the n-type contact zone 4 and the p-type zone 

20 2 was approximately 3 jam. 



circuit, for example between the power supply (cathode) and ground (anode). When a voltage 
is applied across the diode in the forward direction, the pn-j unction 12 between the regions 2 
and 3 becomes forward biased and injects electrons into the p-type region 2. Electrons 

25 diffusing through the p-type region 2 are collected by the n-type region 1 and are at least 

largely discharged as a diode current via the terminal 10. Since no more than a small part of 
the injected electrons will reach the substrate 6, such diodes are also referred to as "low 
leakage diodes". When the diode is reverse-biased, the electric field strength will be largest, 
at least in the absence of electric current, at the pn-junction 12 between the p-type buried 

30 layer 2 and the n-type region 3. When current starts to flow between the regions 2 and 3 as a 
result of breakdown, the pn-junction between region 1 and region 2 becomes forward-biased. 
The resultant current causes the maximum of the electric field to shift from the pn-junction 
1 2 to the contact zone 4 as a result of the Kirk effect caused by the electron-current density. 
The field is largest at the curvature 13 of the contact zone 4, so that the breakdown voltage 



The diode can be used, for example, as a protection diode in an integrated 
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becomes lower at this location. As a result of the lower breakdown voltage, the current 
becomes larger, so that the junction between the regions 1 and 2 becomes more forward- 
biased which, in turn, leads to a further reduction of the breakdown voltage. This may result 
in a large current flow which can damage the diode. 



for clarity, corresponding parts bear the same reference numerals as in Fig. 1. The device 
shown in Fig. 2 differs mainly from that shown in Fig. 1 in that it comprises a heavily doped 
n-type ring 14 around the contact zone 4. The distance between the ring 14 and the contact 
zone 4 was approximately 2 (im in a specific embodiment. As this is the size of the mask, this 

10 means that tails of the diffusion profiles of the zones 4 and 14, which are drawn separately in 
Fig. 2, may partly overlap as a result of lateral diffusion. Also in that case, however, the 
zones 4 and 14 are assumed to be mutually separated by intermediate high-impedance 
material. It is important that the zone 14 is not directly connected to a contact or to contact 
1 1 . As the zone 14 is near the zone 4, the application of a voltage in the reverse direction 

1 5 across the diode, will cause the maximum electric field to be situated at curvature 1 5 of ring 
14. Breakdown will not occur at the zone 4, as in the embodiment shown in Fig. 1 , but at the 
zone 14. The arc-shaped region 16 between the ring 14 and the zone 4 forms a resistance 
between the region 1 5 and the contact 1 1 , and it precludes local damage to the diode caused 
by avalanche effects and current concentration. As a result, the diode shown in Fig. 2 is much 

20 more robust than the diode shown in Fig. 1, and hence particularly suitable as a protection 
against ESD. Measurements (Fig. 3) have shown that the diode can withstand voltages of 
many kV for ESD protection (Human body model) without being damaged. In comparison, 
diodes without a protection ring 14 already were subject to damage at a voltage of 
approximately 1.5 kV. 

25 The zone 14 can be provided at the same time as the zone 4 without additional 

process steps. In addition, the zone 14 requires little additional space, so that the surface area 
of the device increases little, or not at all. 



protection zone 14. Fig. 3 shows the relation between the ESD voltage in kV at which a 
30 predetermined percentage of a large number of diodes is subject to damage and the distance d 
in (im between the ring 14 and the contact zone 4. The optimum is found at approximately 2 
jum. If the distance d becomes smaller than 1 .5 jim, the effect is reduced, apparently because 
the resistance becomes too low. Above approximately 2.5 (im, the advantage of the 



5 



Fig. 2 is a sectional view of a diode in accordance with the invention, wherein, 



An important parameter is the distance between the contact zone 4 and the 
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protection zone also decreases rapidly as d increases because, above a certain distance, the 
same effects as in the device shown in Fig. 1 start playing a role. 



types of circuit elements. Fig. 4 is a sectional view of a device in accordance with the 
invention comprising a Lateral DMOS transistor. Also in this case, the device comprises a 
semiconductor body 1 of silicon including a p-type substrate 6 on which an n-type epitaxial 
layer 5 is provided. The transistor comprises an n-type source 20 (first region) situated in a p- 

10 type backgate 21 (second region). Said backgate region borders on a high-impedance n-type 
drift region 22 (third region) which is formed by part of the epitaxial layer 5 and which 
blends with a heavily doped n-type drain 23 (fourth region) at the side opposite the backgate 
region. Above the part of the backgate region 21 which is situated between the source 20 and 
the drift region 21, an insulated gate 24 is provided. The source is connected to a source 

1 5 contact 25 which, in this example, is also connected to the backgate region 2 1 . Via a deep p- 
type zone 26, the backgate region is also connected, in this example, to the substrate 6 
(ground), but it will be clear that this is not strictly necessary. The drain is connected to a 
drain contact 27. Between the drain 23 and the backgate region 21, and in this example on 
either side of the drain 23, a heavily doped n-type protection zone 14 is provided. Also in this 

20 case, the zone 14 is situated at a small distance, for example 2 fim, from the drain 23 and can 
be formed, also in this case, during the same process steps as drain 23. When a high- voltage 
is applied between the drain 23 and the backgate region 21 and/or the substrate 6, and, as a 
result of the Kirk effect, at a large current, the maximum of the field moves over the non- 
conductive pn-junction towards the drain 23, breakdown will initially occur again at the 

25 protection zone 14, and the resistance between the zone 14 and the terminal 27 precludes 
current concentration, and hence reduces the risk of damage to the device. 



30 herein, and that, within the scope of the invention, many variations are possible to those 

skilled in the art. For example, in the last-mentioned example, the p-type substrate 6 may be 
replaced with a substrate of an electrically insulating material. Embodiments wherein the 
protection zone is not annularly provided around the zone 4, as shown in Fig. 2, but wherein 
the protection zone extends only next to the part of the contact zone 4 where, in the absence 



Apart from diodes, the invention can also advantageously be used in other 



It will be obvious that the invention is not limited to the examples given 
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of the zone 14, breakdown caused by the Kirk effect may be expected are possible. The 
thickness and the doping concentration of the lightly doped third region, for example the drift 
region of the LDMOST in accordance with Fig. 4, may be advantageously chosen so as to 
correspond to the RESURF principle. 

Furthermore, in the examples described hereinabove, the conductivity types 
may be reversed. In addition, the semiconductor body may be composed of materials other 
than silicon. 




